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Foreword

Over one million Americans have died from COVID and tens of millions have died from this
virus worldwide. In addition to the tragic loss of life, over the past three years we have experienced the
social, educational, and economic costs of a global pandemic.

Last summerChair Murray and | announced a bipartisan Health, Education, Labor and Pensions
(HELP) Committee oversight effort into the origins of SARSV-2, the virus that caused the COVID
pandemic as part of our effort to address pandemic preparedness and response programs, and we continue
to work together on that project.

This is an intém report produced by HELP Committee Minority oversight sfifie objective was
to review publicly available, opesource informatiotno examine the two prevailing theories of origin of
the SARSCoV-2 virus: a natural zoonotic outbreak or a reseaetdied incident. ThisSenateHealth,
Education, Labor, and Pensions (HELP) Committee Minority oversight staff report is the product of that
review.

Over the last fifteen months, HELP Committee Minority oversight staff carefully reviewed several
hundred pubtily available scientific studies, interviewed several dozen subject matter exqradts
analyzed previous reports and studies on the possible origins of the virus. | believe that this report provides
a significant contribution to the existing body of evide and helps establish parameters for how future
analyses should be reviewed.

The lack of transparency and collaboration from government and public health officials in the
Peopl ebdbs Republic of Chi naCoW2prehents rechimga mdre definitive he or i
conclusion.

With COVID-19 still in our midst, it is critical that we continue international efforts to uncover
additional information regarding the origins of this deadly virukopethis reportwill guidethe World
Health Or@nization and other international institutions and researelsdargeyproceed with planned work
to continue investigating the origins of this virus. Uncovering the answers to this critical qugstion
imperativeto our national and international ability Ensure that a pandemic of this size and scope does not
happen again.

My ultimate goal with this report is to provide a clearer picture of what we know, so far, about the
origins of SARSCoV-2 so that we can continue to work together to be better peparespond to future
public health threats. | believe this interim report does just that.

=R,

Richard Burr
United States Senator
Ranking Member, U.S. Senate Committee on Health, Education, Labor, and Pensions



Introduction

Three years after itsmergence in Wuhan, exactly how SARBV-2 first emerged as a respiratory
pathogen capable of sustained hust@mhuman transmission remains the subject of active déliatgerts
have put forward two dominant theories on the origins of the ¥ifbe first theory is that SARS0oV-2
is the result of a natural zoonotic spilloveFhe second theory is that the virus infected humans as a
consequence of a researetiated incident.

Understanding thegi r us 6 s o r i tunderstasthg eow this autbrea&hlappened, why
detection and reporting systems diat work as anticipated, artd better prepare for future health threats.
This reporthasreviewed open sourcepublicly availableénformation relevant to the origins of the virias
consolidae additional information that can be contributed to the body of work investigating the answer to
this question

Establishinga clear picturef the likely origin of the virusias proven challemgg. Since January
3, 2020, gvernment officialsi n t he Peopl ebds Rehpwe Iprohibited sharing®hi na (
publishing any information on SARSoV-2 without state review and approva&Restrictions on SARS
CoV-2 information remain in place today atidereforeany information on SARE0V-2 and he COVID
19 pandemic published byovernment officials andcientists in China must beviewedwith these
restrictionsin mind.

As a resultestablishing an approximate timeline for when SAR®S/-2 first infected humans is
difficult. Government officiad and piblic health authoritiesh the PRChave claimedhat there were no
SARSCoV-2 cases before earecember 2019However,availableepidemiologicevidence strongly
suggests that SARSoV-2 began infecting humans Wuhan or the surrounding area between-mid
October and early to midovember 2019.

While precedenof previous outbreaksf human infectios from contact with animalgvors the
hypothesis that aaturalzoonoticspillover is responsiblfor the origin ofSARSCoV-2, the emergence of
SARSCoV-2 that resulted in th€0OVID-19 pandemicwas mostlikely the result of aesearckrelated
incident This conclusionis not intended to be dispositivEhe lack of transparency from government and
public realth officials in the PRC with respect to the origins of SAR®/-2 prevents reaching a more
definitive conclusion. Should additional information be made publicly available, and subject to independent
verification, it is possible that these conclusionsilddoe subject to review and reconsideration.



Section |
Analysis ofNatural Zoonotic Origins Hypothesis

Zoonotic spilloversjn which animal diseases cross the species barrier and infect humans, are a
well-known, weltdocumented natural phenoméry some estimationsyaturalzoonotic spillovers are
responsible for 6@ 75 percentof emerging diseases in humd&n€oronaviruses, to which SARSoV-2
belongs, are a large family of viruses thatise disease in a variety of domestic and faramédals and
have been responsible for previous outbreaks of new diseases in Hlimdinsoronaviruses known to
infect humans are the resultredturalzoonotic spillover from animals into humais.

Two recent and prominent examplaslude Severe AcutBRespiratorySyndromeff SARS0) and
Middle East Respiratory Syndrom@ M E R)Shoth of whicharecauselbya cor onaviCowWwsd ( ASA
and A@ERS r espect i seeetereypiratbredsansennghumadd.Moreover, recent
infectious disease pandemiggth the exception of the 1977 Russian Flu pandemic, are believed to have
naturalzoonotic origing?

Step 1 Steps 2-3 Step 4
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Figurel: Example of a zoonotic spillover from bahks Direct spillover from bat to humans followed by hud@human
transmission. B: Spillover from a bat to an unknown intermediate host and then to humans, followed bytbrimaran
transmissiori*

Natural zoonotispilloversare a sequential proce$sin this process, an animal virus must evolve
in orderto become a humaadapted virus First, a virus infects animalsSecondthose infecteé@nimals
come into contact with humanknpwn asthe humaranimal interface)Third, the virus is able to infect
humansFourth,the virus is able to adapt to efficienthansmit between humats Thus,aspillover event
in which disease ispread from animal to humaranresult in one ofwo outcomed eitherthe pathogen
once transmitted from animals, is then transmitted from humans to humans, or the pathogersgoeshot
resul tingnidoe a printabkyaespeats, once hum@human transmission of SARSoV-

2 was established, the onward hurtamuman transmission of the virus would look similar regardless of
whether it originated from a natural zooiecpillover or a researetelated incident!

The natural zoonotic spillover hypothesis is a plausible explanation for how the CIOVID
pandemic started-here are a number of anomalies in the SARY-2 outbreak and the early COVAI®
pandemic compared to the emergence of pasiralzoonotic spillovers, most notably ti29022004
SARS epidemic.
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Figure2: Map showing locationfoknown SARE&lated viruses most closely related to SARS?2 with five most closely related

SARSelated coronaviruses to SAR8V2 within the red box8

Based on the precedent of pasituralzoonotic spilloversjf SARSCoV-2 is the result of a

zoonotic spillover, ilikely needed to circulate in an intermediate hostto c r e a s e

the virusbo

being able to infect and replicate in hum&h&daptation during circulation in an intermediate host is
believed to have playealcritical role in the emergence of SARS and MERS, as well as other bat viruses

such as hend®.The identity of SARSCoV-2 6 s i

ntermedi at e

ani mafbuchs peci es

an intermediate animal species existhere these intermediate species eanto contact with and first
infected humans is also unkno#ihile it is likely that SARSCoV-2 originated from a bat virus, most
likely one found in horseshoe bats residing in Southern China or Southeast Asia, it tetkaowen how
SARSCoV-2 traveledmore than 1,000 miles from Southern China or Southeast Asia before emerging in
Wuhan?® Almost three years after the COVD® pandemic began there is still no evidence of an animal
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infected with SARSCoV-2, or a closely related virus, before the first jelplreported human COVIEL9
cases in Wuhan in December 2319.

a. Epidemiology of SARSCoV-2 Outbreak Differs from Previous Natural Zoonotic Spillovers

Most recentnaturalzoonotic spillovers of respiratory virusesth pandemic potential have left
behind evidence of where and how thaycurred?® Failed interspecies transmissions o r -efmdi®a d
spillovers typically leave behind serological evidence in the form of antibodies in humans and animals that
were exposed andfiected but did not effectively transmit the vitiasothers’® Failed transmissions also
typically leave behind genetic evidence at the animahan interfacé’

Like interspecies transmissionjmanto-human transmission also leave behind epidemiological
evidenceThe SARSepidemic saw at least five independent spillovers of the SARS virus into htimasns
then spread the virus to other humangh other spillovers likely going unidentified and failing to cause
sustained chains of transmissféT.hese spillover®ccurred across multiple geographically distare
animalmarkets in Guangdong Provindghinaover a period of several months in 2682032° Late-2003
to 2004 also saw isolated outbreaks of human SARS cases caused by additional amdeypdiavers of
the virus® Within six months of the start of thi20022004 SARS epidemic, intermediate hamtimal
species candidagewvere identified, and numerous animals infected with SARS were Bmormdafteithe
outbreakwas identifiec?! In addition,early SARS virus samples retrieved from infected humans contained
genetic mutations that reflected its period of circulation and adaptation in palm civets, the intermediate
species?

SARSCoV-20s emergence al so c ondasead Avian InluenzaH70l2t br e a
in 2013 Like the20022004SARSoutbreak H7N9 started with multiple independent introductions of the
virus into humans across multiple locatipagen though the total number of human infections numbered
less than 508 Geographically disparate, independent spillovers imply that H7N9 Avian Influenza had
circulated in bird populations for some time and across several provinces in China before the first known
human infections. This is in contrast to the lack of geographidsparate cases of early COVID cases
in Hubei or Ching?

The occurrenceof natural zoonotic spillovers is also determined in part by probability. The
frequency with which humans are exposed to an intermediate animal species infected with adcainotic
agentii s | i kely to be an i mpor t &This makestpanymegutatedlive i n  di
animal markets in China and Southeast Asia effective conduits of zoonotic di¥eakescrowded
conditions at these live animal market®ean hat different members of multiple animal species that
ordinarily would notcome intocontact are placed in close proximity to each other and large numbers of
humansThese animalare often in poor health and shed viru¥es.
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Figure4: Map showing ge¢emporal spread of COAD in China from Dec. 32019 to Feb11, 2020Qstarting only in Wuhar?

A number of epidemiologists and virologistand, at first, the Chinese governmehtave asserted
that the COVID-19 pandemic originated from naturalzoonotic transmissionccurringat the Huanan
Seafood Market' Government officials in China have subsequently pissiulated the theory th&ARS
CoV-2 arrived in China on the surface of imported frozen seafood or was brought into China by infected
people or animals after being created by the U.S. military. Sufipdhesealternativetheoiesis limited
to governmentontrolledpublications in China anid not credibleabsent independent corroboratfén

Two key factdolster tke natural zoonotic origimrgument. First, @roximately 33ercentof the
earliest known human COVHD9 cases (with symptom onset dates in-rfodateDecember 2019) were
associated with the Huanan Seafood Market in Wdh&econd, amumber of animal species susceptible
to SARSCoV-2 were sold alive and in poor animatkare conditions at the mark#t.

However, there is no published genetic evidence that SBRE2 was circulating in animafgior
to the start of the COVIEL9 pandemié® Additionally, the genomes of early COVAD® cases did not show
geneticevidence,n the form of adaptive mutations that SAR8V-2 recently circulated in another animal
species othethan humans'® Moreover, the genetic similarity between the environmental samples and



human viral samples supports the likelihabdtthe virus found at #n Huanan Seafood Market was shed
by infected humansather than bynfectedanimals?’

There also do not appear to have been subsegpiioversof the virus that generatesustained
transmission in humans, or any other independent spillovers of SARS, from the intermediate host
animal(s)to humans since the pandemic staffdtis also noteworthy thahe earliesvariantsof SARS
CoV-2 were weHladapted for humato-human transmissiofi.
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Figureb: Spatial distribution of Weibo social media platform users who used CI9\dBsistance channeal
web application people searched when looking fofiRe symptomsfrom Dec 20, 2019 to Jari8, 20,
2OSNIFAR gAGK t£20FGA2Yy 2F 1dzZryly {SIFI¥22R al NJ
(Adapted fromPeng, Z., Wang, R., Liu, & Wu, H. (2020). Exploring Urban Spatial Features of €@VID
Transmission in Wuhan Baed on Social Media D&8RRS International Journal of &Gefmrmation,9(6), 402.
MDPI AG. Retrieved from http://dx.doi.org/10.3390/ijgi9060%102

These facts repsent a significant break frotihe precedent of other zoonotic spillovénsolving
respiratory viruss, such adMERS and SARSRelevant past zoonotic spillovers are those involving
respiratory viruses that, like SARS0V-2, spread primarily through aerosols. Relatively recent spillovers
involving live animalmarkets in urban areas are also relevant. Isolated spillovers of vimusegal areas
involving a small number of human infections have less precedential, @slw@oviruses that transmit
primarily through close physical contaot are vectoborne Accordingly, he SARS epidemic, the
emergence of MERS, and several outbredilevianinfluenzas have greater precedential value than viruses



like monkeypox,Zika, human immunodeficiency virudH(V), or Ebola, because the viruses and the
circumstances of their emergeraremore similar to that of SARE0V-2.

Early SARSCoV-2 variants had little genetic diversity and were closely related to each other,
differing by only two nucleotides out of approximately 29,90@leotides® The fact that only two early
variants of the viruhiave beendentifiedindicates the virus had notde circulating widely or for a long
period of time, and hence had little opportunity to mutate and cause new viral Varidnssalso suggests
that SARSCoV-2 spilled over into humans only once or twice over an approximately two week,period
and that theeone to twospillovers resulted in sustained humémhuman transmissior.This successful
spilloveralsoonly appeasto have occurred in Wuhan cdlioselysurrounding areas.

Understanding the epidemiology of the outbreak is difficult, as the e&riesth COVID-19 cases
are unlikely to be the first humans actually infected with SARY-2.>* The earliest identified COVID
19 cases, reported by PRC government officialse lmasymptom onset date of December 8, 20¥9.
majority of epidemiological modelg indicates that SARSoV-2 spilled over into humans between mid
October and early to miNovember 2019° These early Wuhan cases seeded the wird&uhanas SARS
CoV-2 spread from person to person after the initial spillover event(s).

The PRC has ported finding noretrospectiveevidence of COVIBL9 cases inOctober or
November2019° However,retrospectiveease searches by PRC public health authorities were limited to
individuals requiringmedical treatmerffAs aresult t he PRCOs r et rikelg missedt i ve c
between 80 to 9%ercentof all COVID-19 cases, whiclvere asymptomatic or mildly symptomafit.
Undercounting of early COVIEL9 casess also likely duetcChi nads restrictive cas:¢
initially required not only severe COVAD® symptomsbut a link to the Huanan Seafood MarKelt. is
estimated that during the period fromdida nuary to early March 2020, Chi
account for approximately 200,000 COVII case§?

b. Missing Evidence of aNatural Zoonotic Spillover

Environmental samplesllected between January and March 2826e Huanan Seafood Market
from countertops, fridges, gloves, and other surfaested positive for SARE0V-2.%3 According to
presentationmade to the Wrld HealthOrganization (WHOY)y PRC government officials and scientists
in early 2020, none f t he ani mal s at the mar ket when it was
Chinads animal far mi ng i-Qo¥-2%That wouldleera significarft \@matioa d wi t
from multiple precedents from previous natural zoonotic spillov@sexamplethe discovery of infected
palm civets during the SARS epidemand infected chickens and other farmed birds during multiple
outbreaks bavian influenzaindicate a patterwhereinfected animalsire expected to beresent athe
locationof zoonoticspillovers and in theelatedsupply chais. %
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mink as the only animal known to have transmitted SBR82 back to human&®

Cases of humato-animal transmission of SARSoV-2 have led to the identification of a number
of mammal speciesusceptible to the virus that were sold at the HuSeafoodMarket, including mink,
foxes, and raccoon do§$Of these, rimk is the only industrially farmed animadentified to have
transmitted SAREC0V-2 from animals to humans with documented caséarm workers being infected
with mink-specific SARSCoV-2 variant$85°
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SARSCoV-2 will likely become endemic in a number of wild animal populations, including mink, deer,
and foxes2 However,PRC officiak still have not reported a single SARSV-2 infection in its farmed or
wild mink, raccoon dog, or fox populatiofsPRC officials and scientists hasésoreported to the WHO
that they have not found a single instance of an animal infected with-EARS prior to the COVIB19

pandemic?

c. Problemswith the Natural Zoonotic Hypothesis

Based on precedent and genomics, the most likely scenario for a zoonotic origin of the-TDVID
pandemic is that SARS0V-2 crossed over the species barrier fromraarmediate host to humarss.
However, the available evidence is also consistent, perhaps more so, with a diretiLinaan spillover.

Both scenarios remain plausible and, in the absence of additional information, should be considered equally
valid hypoheseg® However, marly three years afténe COVID-19 pandemibegan, critical evidendbat
would provethat theemergence of SARS0V-2 and resultingCOVID-19 pandemic wasaused bya

naturalzoonotic spillover is missing
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As described in this repothe following facts and gaps in information are reasons why the natural

zoonotic hypothesis is unliketp explain the originef SARSCoV-2:

1

The intermediate host species for SARS8V-2, if oneexists, remaingnidentified By comparison,
within six months of the first known humaase ofSARS, public health officials in China found
SARS infections in palm civets and raccoon dogs in live animal markets in Guangdong Province.

Unlike SARS, the genomes of early COVID cases from the firghonths of the pandemic do not

show genetic evidence of SAR®V-2 having circulated in another animal species other than
humansNone of the animals tested from the Huanan
animal farming industry were infecteditv SARSCoV-2, according to presentations by PRC

officials to the WHO®

SARSCoV-26s high binding affinity for human ACE?2
to directly infect humans withut needing a period of adaptationan intermediate hast Direct

spillover from a bat would explain the failure to find an intermediate ®¥ghile direct bato-

human spillover of coronaviruses has never been confirmed to cause a human outbreak, it is
theoretically possible and theisecircumstantial evidence suggesting it may occur under limited
specific circumstances.

Based on the available eviden@¢uhan is the only location where SAR®V-2 spilled over into
humans® After the unidentified source transmitted SARSV-2 to hunans, it stopped
transmitting SARSCoV-2.82 This is at odds with the precedent of #@#22004SARS epidemic
where infected palm civets continued to transmit the virus to humans and to raccoéhifdbgs.
COVID-19 pandemic is the result of a zoonotic spillover from an intermediate host oFGARS
2,the viruswould be expected to continue to circulate in the infected intermediate host population
creating the potentidbr additional independesglloversinto humans and other animé&?s.

The low genetic diversity othe earliest SARSCoV-2 samples suggests that the COMID
pandemic is most likely the result of a single successful spillover of S20RE2.8° Although the
possibility of two spilloveevents cannot be ruled gbbth the SARS epidemic and the 2013 avian
influenza A (H7N9) outbreaks saw multiple independent spillovers of those viruses and exhibited
much greater genetic diversity than early SARS/-2 strains.

Based on this combination of factors, the available evidence appears to be inconsisteoitiwith

historicprecedent and the scientific understanding of haturalzoonotic spillovers of respiratory viruses
like SARSCoV-2 occur. Ultimately, without incesed transparencgnd publicly available and
reproducible evidence that addresses these missing pieces of evitderdiéficult to support the natural
zoonotic originhypothesidor the SARSCoV-2 outbreak and COVIEL9 pandemic.
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Section Il
Analysis ofResearchRelatedincident Hypothesis

Researchrelatedincidentsat labs in Chinathe United Statesndelsewhere have happened and,
in some instances, resulted in limited huabamuman transmissioifror example, there have been at least
six research related incidents involving the escape of SBBR® from highcontainment laboratories in
China four), Taiwan pné, and Singaporeoqe).®” The 1977 Influenza A (H1INIJandemic is now widely
accepted to have been the result of reseagletted in@ent, most likely a vaccine trial in the Soviet Union
or China®8 In June 2014, while investigating tbrintentionakexposure of one its researcherpitentially
viableanthrax during an experiment in one oftitesafety level BSL) 3 laboratories, the U.&enters for
Disease Control and Preventio@¥C) discovered thah culture of nofpathogenic avian influenza was
unintentionally crossontaminated with thlighly pathogenic H5N%train of influenza and shipped a
BSL3 U.S. Depament of Agriculture laborator§?. There were no personnel exposures as a result of this
event.

In short, human errors, mechanical failure, animal bites, animal escapes, inadequate training,
insufficient funding, and pressure for results can lead teseape of virulent pathogens, which could, in
turn, infect animals and humans and lead to a release of a virus from a lab

a. Coronavirus Researchin Wuhan and at the Wuhan Institute of Virology

In the aftermath of the 202004 SARS epidemjcChinese authorities emphasized research on
potential pandemigathogensincluding SARSrelated coronavirusegp develop vaccines and other
medical countermeasuresith the goal of attempting to predie@nd prevert the nextcoronavirus
pandemic®Wuhani s a gl obal hub of <coronavirus research.
premier coronavirus research institttd | t hough the WIV06s coronavirus
because of its collaborations with western scientists, multiple ingtitutn Wuhan study coronaviruses
including: Wuhan University, Huazhong Agricultural University, Hubei Centers for Disease Control and
Prevention, Hubei Animal Centers for Disease Control and Prevention, Wuhan Centers for Disease Control
and Prevention, ahthe Wuhan Institute of Biological Products, a vaccine manufacturing subsidiary of
stateowned Sinopharrf? These institutes operate a number of biosafety level (BSL) 2, BSL3, and animal
biosafety level (ABSL) 3 laboratories. Several of the BSL3 labdest@re relatively new, having been
built only in the last five years. In all, laboratories are spread out across nine different campuses in Wuhan,
with six hosting BSL3 or ABSL3 laboratories. The WIV is the only institute in Wuhan with a BSL4
laboratory®®

WIV researchersand their collaboratorsindertook large scale virus collection expeditions to
Southern China and Southeast Asiaere bats naturally harb&ARSrelatedviruses on an annual basis
from 2004 onwards$“ During these expeditionsgientists colle@d batblood, saliva, and urine sampfés.
The WIV collected more thah5,000 batrelated samples around the time the pandemic bé@zfthese
the WIV had identified more than 220 SARSated coronaviruses, at least 100 of which hasebeen
made publié”’
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Figure7: Map of BSL2, 3, and 4 (including ABSL3) laboratories in Wuhan as of Deceml§ér 2019.

WIV researchers actively sampled bats in Southern China and mainland Southeast Asia where the
SARSrelatedcoronaviruses most similar to SAR®V-2 have been collected and identifféd/iruses
collected from these regions are 90.7 to Q&e8centsimilar overall to SARSCoV-2.1° These include
RaTG13, which was collected by WIV researchers in Yunnan Provh&aTG13 is 96.3ercent
genetically similar to SAR®0V-2, and its existence was first made public only after the start of the

COVID-19 pandemigin February 2026°2

Presentations given by WIV researcher 2018 show personnel on field expeditions wegrin
inadequate levels of personal protective equipment while handling *#5aBome personnel are

photographed wearing Athin surgical masks and rub
ot hers ar e un ma s'®BydontasttalWWulin Ghinese Ceaterfor Disease Control and
Prevention CCDQ) scientist who also regularly conducts bat sampling expeditions, said in a 2019
documentary that Afi]t is while discovering new
i nf e d%TheoCCDMscientidurthers t at ed, #A[i ] f our skin is exposed
bat excrement and contaminated® matter, which mean

Following field collection, samples were transported to Wuhan where they weeaedri®r the
presence of coronavirus€$The WIV has two campuses, one in central Wubéiaohongshanwhich
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houses BSL2 and 3 laboratories, and a second, newer campus ina n 6 s ssibuns tZheagdian
whichhouses its BSL4 laboratory in addition to a BSL3 and multiple BSL2 laborateassarchers at the
WIV then conducted experiments on newly isolated and sequenced corona¥frBsescular attention
was given to SARS$elated coronaviruses that have théitgito bind to human ACE2 receptot®.These
viruses wereonsideredby researchers at the Wtd bepotential pandemic pathogens and pose a-hglh

for spillover into human&'® Viruses were then sequenced and evaluated for their potential panderft risk.

The WIV conducted genetic recombination experiments as part of its coronavirus research in both
BSL2 and BSL3 laboratorié$? The WIV also conducted transgenic humanized mice experiments to assess
the pandemic potential of SARSlated viruses'® They also tested the efficacy of vaccines in these mice
and other animal specié¥ These animal experiments generate highfgctious aerosols that are
Aubi quitousé and ¥ Thereweieftdndernsuiabout canductidgehts ¢éygetof. research
a BSL2 | aboratory. As of May 2019, a Chinese CCDC
| ack of nati onal BSL2 regul ations, recommendi n¢
microorganisms should be performed in high level biosafetylabeé or i es nameMy BSL3 or

This research process takes several years, leading to ayearljap between discovery of a virus
and completing a paper ready for publication. For exarapleus genetically similar to SARSoV-2, the
aforementionedRaTG13 was collected in 2013 and partially sequenced in 261%he remaining
segments of BTG13 were sequenced in 2018 and the sequence of the virus was finally made public in
February 20288 In another instance, one WIV graduate studeok several yearso publish data that
resulted from field collection activitie4®

b. WIV Research on SARSrelated Coronaviruses with Pandemic Potential

By 2018, the WIVshowed interesh finding SARSrelatedcoronaviruses thatsedhumanACE2
receptors to enter celis orderto determinevhetherSARS antibodiesvould effectively neutraliz those
viruses!?® This research efforts described in aMarch 2018grant proposakubmitted to theDefense
Advanced Research Projects Agency (DARB{)a consortium of research entiti@scluding the WIV,
led by the US.-basednongovernmental organizatidécoHealth Alliance The group proposetb collect
andconductgenetic recombinatioaxperiments on SAR&lated coronavirusgsossessingpecific trats
making themfi h i-rgihs k 6 f or zoonotic spi® Il over into ani mal s

Notabl vy, the proposal descr i brelded tolomavirMgbsithd s i nt e
potential to bind to human ACE2 receptors #rat havenaturally occurring furirtleavage sites Yunnan
Province, China?? According to the proposal, if WIV researchers were unable to find a SAR®d virus
with these traits during sampling expeditions, thiesn proposed to manipulate the ACE2 receptors of
SARStrelated coronavires to increase binding affinity to human lung tissue and to insert furin cleavage
sites at the same location where one appears in S2R&2.1% This proposal was not ultimately funded
by DARPA.

Furin cleavage siteare known toenhance virulence anihcrease viral replication in avian

influenza and Ebola viruse§he grant proposal is in line with research trends in the field of virology in
China.In 2015 researchers at Huazhong Agricultural University in Wuhan inserted an artificial furin
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cleavagssite in Porcine Epidemic Diarrhea virus (an alpha coronavittis).2019, researchers in China
inserted afour amino acid furin cleavage site into Infectious Bronchitis coronavirus that affects
poultry!?® The WIV also received fundinfjom PRC governmentgenciesfor research examining the
spillover potential of SAR$elated coronaviruseg®

In an interview withScience Shi Zhenglj a senior scientist at the WIV and SARSated
coronavirus expertlisclosed thaher teaminfected civets and mice that expressed human ACE2 receptors
with chimeric SARSelated coronaviruse®’ The results of these experiments indicated that SAgR&ed
bat coronaviruses could infect and cause severe illness in humanizeé&@mimWN was hter terminated
as a sulgrantee bythe National Institutes of Health (NIHQr failing to produce its laboratory notes and
other records relating to thestherexperiments?

c. WIV Biosafety and Biosecurity Patents and Procurements in 2019

Patents byWIV researchers published in 2018, 2019, and 2@8d procurements made by the
WIV in 2019, indicate that th&VIV struggled to maintain key biosafety capabilities at its {zightainment
BSL3 and BSL4 laboratorié€’ The following are examples of some bése patents and procurements

1 On April 24, 2019, WIV researchers submitted a patent for an auxiliary exhaust fan to maintain
negativeair pressure gradients in BSL3 and BSL4 hagimtainment laboratorié! This auxiliary
fan was designed to prevent ladsiegative pressure in the event of fan control failures, mechanical
failures during fumigationor human errot3? These exhaust fans also addressed problems
fumigating anddisinfecting ventilation shafts and improving penetration of disinfectants into
HEPA filters33

1 OnAugust 142019, the WIV issued a procurement notice for a project involving its environmental
air disinfection systermt t he WI V6 s c¢ a mp s Therupgaded disinfadtion Wu h a n
system usediaporized hydrogen peroxide to detaminate laboratory surfacé¥.A gaseous
hydrogen peroxide disinfection system is an effective, less corrosive means to sterilize a laboratory
than formaldehyde and other agents used by WIV researéhers.

T On September 12019 the WIVissuedg@ r ocur ement notice seeking cc
air conditioning renovati on'™Accondingtothed5.@0C. t he ne

[HVAC] system design separates potentially contaminated
laboratory air from areas outside the laboralyrynaintaining the
BSL-3/ABSL-3 areas at negative pressure to adjacent areas, by
preventing recirculation of laboratory exhaust air to other areas
of the building, and by employing special engineering controls
that prevent the occurrence of laboratoryfl@av reversals to
outside the containment boundafy.

1 On November 19, 2019, the WIV issued a sole sopr@eurement request for an air incinerator at
the originalXiaohongsharcampus in central Wuhaft The contract for the procurement was to
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of fi

be issued bypecember 5, 20192 Air incinerators, though expensive to install and operate, were
the mainstay of higlcontainment air sterilization prior to HEPA filtratiof®: 144: 145 The
procuremenstated that the incinerator was needed to sterilize exhaust gas fronoelavauand

that it would be added to the exhaust pifer existing HEPA filters outside the autoclave to
incinerate all the media discharged from witHfh.

On December 11, 2011V researchers filed a patent for a sensor to detect when biocontainment
transfer cabinet HEPA filters had failed or were not operating corréétlxperiments with

infected animals often require moving the animals feBSL3/BSL4 laboratory to a holdin

facility ABSL3/ABSL4 or transferring them fromnanimal holding room to a specific procedure
room!*These animals create a variety of potentially hazardous infectious aerosols from urine,
feces, furand by respiratio®®T he pat ent st dentoccyrs irthehtranspor@ation a c ¢ i
process, an effective monitoring device is not available for judging whether the equipment is
nor mal ®r not. o

On November 13, 2020VIV researchers filed a patent for a disinfectant formulation that improved

upon one used i ncontainment labosatorie$! The epatentedhforrgukation
Alr]educe[s] the corrosion ef f e®Asddsdbediretheal , es
patentfi [ | Jteamuge [of the previous disinfectant] will lead to corrosion of metal components
such as stainless steel, thereby reducing the

its service life and cause economic lossad, &so lead to the escape of highly pathogenic
microorganisms into the external environment of the laboratory, resulting in loss of life and
property and s e r'#Thepaten followeada Mapch 2018Istady that described

WIV researchers usgna disinfectant at a concentration more than three times higher than is
recommendedtly the manufacturel®*%> The licensed 8. manufacturer of the disinfectastiates

that #fAthe higher é concentrati®n, the more cor

WIV Biosafety and Biosecurity Events in 2019

With the start of operati ons -2817 to20i& goWinvents ne w
cials pressured WIV r es ecanrdaetngcutingetge infactiomsa pf r o g

disease researthhat contri buted to Chi na®Frougtout 20d9WdM goal s
experts publishedon challenging biosafety and biosecurity conditions faced by -bigtiainment
laboratories in China, including the WIV.

In May 2019, the Director of ¢hWIV BSL4 laboratory warned that in higlontainment

laboratories in China

Maintenance cost[s] [are] generally neglected; several higavel BSLs

have insufficient operational funds for routine yet vital processe®ue

to the limited resources, some BSLlaboratories run on extremely

mi ni mal operational costs or in some cases
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Currently, most laboratories lack specialized biosafety managers and
engineers. In such facilities, some of the skilled staff is composed by part
time researchersThis makes it difficult to identify and mitigate
potential safety hazards in facility and equipment operation early
enough Nonetheless, biosafety awareness, professional knowledge, and
operational skill training still need to be improved among laboratory
personnel(emphasis addetf¥

InJuly2 019, Chinads National P e, ovipidh Batérdbechre tador e s s d

strengthen the management of laboratories involved in pathogen research and improve adherence to
national standards and requirements for biosafety. It specifies that:

fistrangl ehol d

and

[L]Jow-level pathogenic microorganism laboratorgtgll not engage in
pathogenic mcroorganism experiments that should be conducted in
high-level pathogenic microorganism laboratorieé Hi dekel
pathogenic microorganism laboratories engaging in experimental
activities of highly pathogenic or suspected highly pathogenic
microorganisms shiabe approved by the health or agriculture and rural
authorities at or above the provincial level. For pathogenic
microorganisms that have not been discovered or have been
eliminatedérel evant experiment al
without approwl. (emphasis addet}y

Ef forts by the WV to improve biosaf

r

activitie

ety were h
problemo which meanta lack of access to advanced foreign biosafety technologies and matérials.
Leadership at the WIV emphasizddring a June 2019 meeting with WIV officidlsat addressing the

the researchers to develop biosafety methods and construct equipment to remedy $fortfalls.

In July 2019 WIV leadership led a series of internal meetingspooblems of operations in

management at the WIM.he deputy director of the BSLdboratory issued a report &ocontainment
equipmentshortages and the impact of meeting the resegoalsof the government The report cited
major problems that existed in the BSL4 laboratory includinrgar d war e and

laboratory facilitie®

WIV urgedt he i nsenmnitarnt epsr sonnel to Apriorit
faci®g. o

technol ogi

a thedmaiiagement of biosafefyf The same report noted that the Director of the

i ze sol vi

On September 12, 2019 between the hours of 2:00 an@3rO@dcal timel® the WIV took down

its online depository of data on viral sequences called the WiBtfee Viral Pathogen Databa$éThe
databasevasintermittently accessible from December 2@@9ebruary 202(efore being permanently
taken offlineFebruary 2020°% This database was previously accessible to the pubticthe exception of

a password proteetl section, which held unpublished sequence data accessible only to WIV pet&bnnel.
TheWIV had a collection omore than 15,000 samples from bats, from which they had identifoed

18

priopd €£midon guafsorcwarnd ctahe t@onstructi on
technol og$¥THe r WIt Wées nlait miotne d ac c e s dogiegsdorcddey f or

N



than1,400 bat virusesncluding an estimated 100 unpublished sequences of Sal&®d coronaviruses
i the genre of coronaviruses to which SAR8V-2 belongs’™ More than three years after it was first
disabled, public acces$s the databadeas not been restoréd.

On November 12, 2019, the W Vés BSL4 | aborator
the BSL4 laboratory since it began operations ih82®Wi t h respect to the #d@Astran
report states that the WIiVioh ad ua waeamrend mea nidt h ee cthinrod
design and construction teams, and noontaiemepte r i en c
laboratory:”® The report continue® sayt hat WI V personnel fdfbrought into
complete system of standards, a superior team that operates and maintains [the lab], and valuable experience
wi th c 0 n ¥*tThisu wak iachiaveddbyir ei nventi ngo i mported equi pn
construction satisfy domestic and international ¢
| aboraammfrgrm to the requireiMents of Chinese const.

The reportalsodescribed a highres ur e wor k environment . Al n the
to work for four consecutive hours,ARwreinn g xtt keind i in
they cannot eat , dri nk, or reli eve t hapdnphysitav e s .
endurance. This not only demands that research personnel possess proficient operational skills, but they
must also possess the ability 0o respond to vario

The November 12, 2019 report suggested a biosafety problem had occurred at the WIV sometime
before November 2019:

Owing to [the fact] that the subject of research at the P4 lab is highly

pathogenic microorganisms, inside the laboratory, once you hanedpe

the stored test t ubes, it is just as if h a
viruses come without a shadow and leave without a trace. Although [we

have] various preventive and protective measures, it is nevertheless

necessary for lab personnel to openzery cautiously to avoid operational

errors that give rise to danger€very time this has happened, the

members of the Zhengdian Lab [BSL4] Party Branch have always run

to the frontline, and they have taken real action to mobilize and

motivate other research personnel(lemphasis addetly

On November 19, 2019¢gend ays after t he BSL4thaWldmosted ar eport
special training sessiamin by a senior Chinese Academy of Sciences biosafety/biosecurity official who
relayed Al mpodtanttoea i nstr undBeijingtontsedVIViregardmgPeRC | e a
Acompl ex and grave sit ua®fAtthe sahetainimygesgioh,ithe [Depatg ur i t
Director of the Office of Saf esevgre @mmsequeBcestharcouldy a't
result from hidden safety dangers, and stressed that the rectification of hidden safety risks must be thorough,
and management stand®rds must be maintained. o
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Sectionlll
Chi nads E al® Vagcin€@eVvelopment Verstise U.S.Operation Warp Speed

Oncethescaleof the COVID-19 pandemidecamelear,governmentsroundtheworld scrambled
to acceleratelevelopmenbf avaccineto preventdeathandseveradiseasdrom infection. In orderto start
vaccinedevelopmentresearchersequiredthe completesequencef the targetvirus ¥ The full genetic
sequencef SARSCoV-2 wasfirst postedo aglobalvirus databasen Januaryl1, 2020 by a professoin
Chinawho actedin violation of PRCgovernmentestrictionson sharirg informationaboutSARSCoV-2.
As aconsequencef his action,his laboratorywasshutdownfor firectificationot8!

After the SARSCoV-26 sequencéecameavailable vaccinedevelopersnsered portionsof the
viral sequencénto cellsto producethe proteinsthat elicit animmunesystemresponsé®? The cells that
producethe proteinsare called i ¢ o n s tandihave te lie createdbefore vaccine developmentcan
begin?® After theconstrucis completethenextdevelopmentattepsarepreclinicalanimaltoxicity, safety
andefficacy studies humanclinical safetyandefficacytrials, andcommerciakcalevaccineproduction®*
Typically, thesestepsaredonesequentially®

During the COVID-19 pandemig¢the urgentneedfor a vaccineresultedin thesestepsbeing done
concurrently which reducedthe time spenton eachstepfrom yearsto a few months'®® However,while
pre<clinical studiesandvaccineproductioncanbe donesimultaneouslygachstephasits own timelineto
completionthatis difficult to compressFor example animalstudiesaredesignedo lasta specificlength
of time andcannotbe curtailedwithout compromisinghe resultingdata®’ Similarly, thetime it takesto
grow theamountof vaccineneededor phasd trialsis alimiting step dependingn the vaccineplatform
andscaleof production.

a. U.S.Operation Warp Speed

The companieswith candidatevaccinesthat would later be fundedand supportedby Operation
WarpSpeedn the United Statesall startedvaccinedevelopmentvork on Januaryl1,2020afterthe public
releaseof the first SARSCoV-2 sequencé® While mRNA vaccinecandidatesvereableto designtheir
vaccineconstructin two days becausanRNA vaccinesonly needthe coronavirusgeneticsequenceo
makea vaccineandno virus hasto be cultivatedin labs traditionalvaccineplatformstakelonger?e®

Thefastestof the OperationWarp Speedvaccinecandidateso enterphasd humanclinical trials
amonghenonmRNA vaccineswasAstraZencaD x f @ vactcine ChAdOx1**°TheAstraZenecadxford
teamleveragedan existingvaccineconstructand extensiveexperiencewith it to advancetheir candidate
into phasd humanclinical trials in anunprecedenteti03days!® Johnsor& J 0 h n waxainécandidate,
Ad26, wentfrom sequencéo phasd clinical trials in 185 days!®? As with AstraZenec&xford, Johnson
& Johnsonwas able to modify an existing constructit had developedfor Ebolg as well as extensive
institutionalexperiencén vaccinedevelopment®® Both Ad26 andChAdOx1wereadenovirus/acdnes, in
which aweakenedrersionof thevirus thatcannotreplicateis usedto stimulateanimmunereactiont®

OperationWarp Speedbrought the first COVID-19 vaccinesfrom sequencepublication to
regulatoryapprovalin approximatelyeightmonths i [ o ]medicalmiracleshavebeenachievedbutfew
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with the speedand succes®f developingthe Covid19v a ¢ ¢ *fOpesatiolWarp Speedaccelerated
developmenbf COVID-19 vaccinesby coordinatingwith the U.S. FoodandDrug Administration(FDA)
andCenterdfor DiseaseControl and Prevention providing technicalassistancehreakingthroughsupply
chainandmanufacturingpottlenecksith the DefenseProductionAct, andderisking vaccinedevelopment
throughguaranteeghurchaseagreement$® Vaccinedewelopersran clinical trials concurrentlyandon an
acceleratedimeline. The lessondearnedfrom OperationWarp Speedhavebeenwidely shared studied,
andpublicized soit canserveasa modelfor howto quickly mobilizethegovernmenandprivatesecta in
responséo anemergency?’

b. Chi n a0 s -1¥V@dtihelDevelopment Program

Chinaalsoinitiateda COVID-19vaccinedevelopmentith atleastfour researcheamsnvolved 1°®
Chinadid not initially havea mRNA vaccinecandidaté® Two of theseresearb teamswere from the
P e o p Liberétisn A r myAdaslemyof Military Medical SciencedAMMS), with the othersfrom the
ChineseAcademy of Sciences(CAS) and the ChineseCentes for DiseaseControl and Prevention
(CCDC)?°Thetwo AMMS teamsreachechotableearly milestonesn COVID-19 vaccinedevelopment.
One AMMS team led by Major GeneralChen Wei, using the sameadenovirusvaccine platform as
AstraZenec@xfordandJohnsor& Johnsonwentfrom sequenceublicationonJanuaryl1,2020to phase
I humanclinical trials on March 18,2020,a spanof only 67 days?°:

2020 Jan Feb Mar Apr May Jun Jul
0 1 2 3 4 5 6
I8 *Sequence Publication Date Jan 11

—
Ad26

Phase 1
Jul15

Y
185 Days Total to Ph1
AstraZeneca

Oxford —

ChADOx1 Phase 1
April 23
T
103 Days Total to Ph1
Chen
AMMS )
SV8000 | Phase 1

I March 18

|
67 Days Total to Ph1

Figure8: Comparison of Adenovirus Platform Timelines. Operation Warp Speed Vaccines: Johnson & Ad26sand
AstraZenecdh EF 2 NRQ& / K! 5hEM a@Ydad N&ER nlin2n /| KSy

ThesecondAMMS team led by BrigadierGeneralYusenzZhou, wasthefirst to patenta COVID-
19 vaccine on February?24, 202022 The Zhou AMMS t e a mpdientincluded data from a mouse
experimenshowingthatthe vaccineconstructeutralized/SARS CoV-2 infections?% Otherresearcheri
Chinaworkingwith thesamevaccineplatformtook betweerthreeto four monthsto developtheircandidate
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